This work presents a study on the reuse of spent bleaching earth (SBE). The SBE waste was regenerated by impregnation in NH 4 Cl solution followed by heat treatment at 400 °C and washing with 1M HCl. The regenerated material (RSBE) was used in the treatment of a basic textile dye solution. Results showed that the adsorption phenomenon governing this process was best described by the Langmuir model. The adsorption kinetic process was found to follow a pseudo second order model.
Introduction
The textile industry discharges enormous quantities of dyes in its waste waters. This is detrimental to the environment and in particular to ground water. The elimination of dyes from waste water before their release into the natural environment is an absolute necessity as noted by several studies [1] [2] [3] [4] [5] [6] . The processes used to treat polluted waste water include flocculation, precipitation, ionic exchange, membrane filtration, electrochemical destruction, irradiation, ozonization and adsorption on activated carbon. Among the physico-chemical methods available locally the use of argillaceous materials (i.e. containing substantial amounts of clay-like components) is effective and their employment is economic. Recently, the use of these materials has been employed to study the adsorption of the textile dyes present in aqueous solution [6] . The substance employed in this study called spent bleaching earth (SBE), was a bentonite that was activated and has been used in edible oil refining. It was regenerated by impregnation in an ammonium chloride solution (3M) followed by a 1 h heat treatment in a furnace at 400 °C and then by washing with 1M hydrochloric acid solution (RSBE). The previous work showed that the SBE material had adsorption capacities comparable to those of virgin material [7] .
The ammonium chloride breaks down under the heat and the formed acid will create porosity responsible for the improvement in the specific surface area of the clay and thus enhance the adsorption phenomena [8, 9] . The chlorides do not bring any changes in the specific surface area and do not attack the framework [10] .
The main aim of this study was to test the adsorption capacities of a regenerated industrial waste (RSBE) for textile dye molecules, compared to those of a virgin material (VBE) in waste water treatment. 
Nomenclature

Materials
The basic dye used as adsorbate in the present study was Asucryl red GRL 200% (i.e. basic red 46), supplied from AlFaditex (textile company of Bejaia, Algeria). It is a product commercialized by AZUTEX (C 18 H 21 N 6 Br; CI 110825; MW = 400.9 g/mol, λ max = 532 nm). The molecular structure of this dye is presented in Fig. 1 . The virgin bleaching earth (VBE) and the spent bleaching earth (SBE) used in this study were provided by the unit of edible oil refining, unit of COGB-Label of Bejaia (Algeria 
Spent bleaching earth treatment
A suspension of spent bleaching earth in 3M NH 4 Cl solution was stirred over night and then centrifuged. The recovered solid was dried at 60°C without washing, then crushed and sieved at 0.04 mm. The impregnated SBE was placed directly in porcelain crucibles then subjected to a 1 hr heat treatment in a furnace (Nabertherm D-2804) regulated at 400 °C, followed by washing with a normal hydrochloric acid solution (5 % w/w) at room temperature for 1h. The obtained material was washed repeatedly with distilled water until a negative test was obtained with AgNO 3 . It was then crushed and sieved at 0.04 mm. The optimization of the physicochemical parameters (temperature and duration of heating, concentration and solid /solution ratio) had been carried out in previous works [7] [8] [9] . The treated spent bleaching earth will be noted as RSBE.
Characterization of materials
The FTIR spectra of different samples (lozenge of KBr 1%) were obtained using a SHIMADZU FTRI 8400 spectrometer, in the range 4000-400 cm -1 . The porous texture of the RSBE and VBE was characterized by nitrogen gas adsorption at 77 K, by using a Quantachrome NovaWin2 apparatus. Prior to the determination of isotherms, the samples were degassed at 160°C for 12h to remove moisture and other volatiles. BET Equation was used in the range of the relative pressures between 0.039 and 0.200. The results of the follow-up of the relative pressure against the nitrogen volume adsorbed allowed the calculation of the various parameters of texture (by using the equations of BET and BJH respectively).
Kinetic study
The adsorption kinetics were carried out at 25°C in a batch process. For each experiment, 100ml of the basic dye solution at specified concentrations were continuously stirred with 0.1 g of the adsorbent during different time intervals (5-120 min). The suspensions were then centrifuged and the basic dye concentrations in the supernatant were measured with UV-visible spectrophotometer (Model: OPTIZEN 3220 UV) at 532 nm wavelength.
The amount of adsorbed dye per unit mass of adsorbent at time t, q t (mg/g), was then determined by the following equation:
Sorption isotherms
Adsorption isotherms were determined at 25°C by shaking 0.1g of the adsorbent (RSBE or VBE) with 100ml of dye solution with concentration from 25 to 125 mg/l for 1h. After shaking at 300 rpm, the solution was separated from the solid by centrifugation. The remaining concentrations in the supernatants were determined by UV-visible spectrophotometer at 532 nm.
pH effect on dye removal
The effect of the initial pH of the basic dye solution on the amount of adsorbed dye was studied at 25°C over a range of pH from 2 to 10. Experiments were conducted on suspensions of 0.1g of RSBE or VBE in 100ml of basic dye solution with initial concentration of 50 mg/l. The suspensions were stirred for 1h and then centrifuged. The basic dye concentrations in the supernatant were measured by UV-visible spectrophotometer at 532 nm. The pH was adjusted by adding a few drops of diluted 0.1 N NaOH or 0.1 N HCl before each experiment and measured using a pH meter (HANNA pH211 instrument).
Results and discussion
Characterization of materials
The FTIR spectrum of different samples VBE, SBE and RSBE (Fig. 2) shows the characteristic bands of montmorillonite, particularly the band near 3460 -3650 cm -1 attributable to the stretching vibrations of the interlayer water molecule. The band at 1650 cm -1 corresponds to the hydroxyls vibration, 1050 cm -1 (Si-O stretching), 792 cm -1 (Si-O vibration of quartz impurities), and below 520 cm -1 (Si-O-Al bending). The VBE, RSBE and SBE spectra are similar but the latter exhibits the edible oil characteristic bands. These bands are those corresponding to C-H stretching at 2925 and 2854 cm -1 and the ester carbonyl vibration at 1736 cm -1 . These bands disappear after the heat treatment (the RSBE spectrum is similar to that of VBE) [12] .
The texture of a solid is defined by its specific surface area, its total porous volume, the shape and the size of its pores and the porous distribution. The texture characterization of the two materials was carried out by BET method and the results are given in Table 1 . The analysis of these results (Table1) shows the probable absence of the micropores in the VBE and their strong presence in RSBE material, as indicated by the higher Smic for the latter. Indeed, the activation by NH 4 Cl caused an increase in microporosity in the regenerated material. From there, we concluded that the regenerated material is mesoporous and the regeneration technique used in this study gave rise to micropores [13, 14] .
Adsorption kinetics
The adsorption of a solute by a solid in aqueous solution is a phenomenon whose kinetics are often complex. The adsorption rate is strongly influenced by several parameters related to the state of the solid, generally having very heterogeneous reactive surface, and to the physicochemical conditions under which adsorption is carried out. The adsorption data for the uptake of basic dye onto RSBE and VBE versus contact time at different initial concentrations ranging from 25 to 125 mg/l are presented in Fig. 3 . According to this figure, the kinetics of adsorption of Asucryl red GRL dye by the activated bleaching earth and the regenerate material takes the same forms characterized by a strong increase of the adsorption of the basic dye in the first minutes of contact dyeadsorbent, followed by a slow increase until reaching equilibrium. The time necessary to reach this equilibrium is less than 30 min. For this reason, we have chosen a contact time of 60 min for the following experiment study to ensure the sorption equilibrium. The values of q e for the basic dye determined experimentally are given in Table 2 .
In order to interpret the experimental data, it is necessary to identify the step that governs the overall removal rate in the adsorption process. In general, adsorption may be described as a series of steps [15] :
• Transport of the adsorbate from the fluid to the external surface of the adsorbent across the boundary layer (film diffusion), • Diffusion of the adsorbate within the pores of the adsorbent (particle diffusion), • Adsorption itself onto the surface. Several kinetic models are available to understand the behavior of the adsorbent and to predict the mechanism involved in the sorption process. The Lagergren's first-order kinetic model and the Ho's pseudo-second-order model are the most frequently used in the literature [16] . The pseudo-second-order model can be expressed by the following equation [16, 17] :
Integrating this equation for the boundary conditions t = 0 to t = t and q = 0 to q = q t , gives:
The validity of this model can be checked by linearized plot of ln (q e -q t ) versus t. the rate constant of pseudo first order adsorption is determined from the slope of the plot.
On the other hand, the pseudo second order kinetic equation based on the adsorption capacity may be expressed in the form [16, 18] Integrating the equation (4) for the boundary conditions t = 0 to t = t and q = 0 to q = q t , gives:
The validity of this model can be checked by a linearized plot of t/q t versus t. The rate constant of pseudo second order adsorption and q e are determined from the intercept and slope of the plot.
The plots drawn according to Lagergren equation (not mentioned in this paper) are not linear for both the adsorbents. This indicates that it is not appropriate to use the Lagergren kinetic model to predict the adsorption kinetics of Asucryl red GRL dye onto RSBE and VBE for the entire sorption period. Thus, the kinetic adsorption data were analyzed by the second order model and the linear plots t/q t versus t for RSBE and VBE are shown in Fig.  4 . Fig. 4 shows that the adsorption kinetics was best described by the pseudo second order with high correlation coefficient values. Values of the amount of basic dye adsorbed at equilibrium and the rate constant are summarized in Table 2 . From the results shown in Table 2 , it can be seen that the value of q e calculated by the model of pseudo second order is very close to that determined experimentally. The amount of the basic dye adsorbed per unit mass of adsorbent (RSBE or VBE) increased with an increase in initial concentration. This may be attributed to an increase in the concentration gradient between the solute in aqueous solution and solute on the adsorbent surface [16, 17] . On comparing the amounts of basic dye adsorbed at equilibrium among the two adsorbents, we found that the VBE fixed more the basic dye than the regenerate material at higher initial concentrations (C 0 > 50 mg/l). According to Weng and al. [19] this result implies that the pretreatment process did not regenerate all the active adsorption sites completely for basic dye. Also, this may be attributed to the nature of the porous texture of the adsorbents which is described previously associated with the size of basic dye molecule. Table. 2 also shows that the rate constant k 2 of basic dye uptake decreased from 0.25 to 7.23 10 -3 g/g of RSBE and from 0.229 to 2.64 10 -2 g/g of VBE. At lower concentrations, Asucryl red dye ions present in the adsorption medium could interact with the binding sites, hence higher rate constant results. At elevated concentrations, because of the saturation of the adsorption sites, the rate constant of dye adsorption onto the both adsorbents shows a decreasing trend. This is due to the remaining vacant surface sites being difficult to be occupied due to repulsive forces between the dye molecules on the adsorbent surface [20] .
Sorption isotherms
Adsorption isotherms are important for the description of how the adsorption molecules of adsorbate distribute between the liquid phase and the solid phase when the adsorption process reaches an equilibrium state. In order to describe experimental data of adsorption isotherms, several mathematical models can be used. In this study, the Freundlich model and the Langmuir model were used to describe the adsorption of Asucryl red GRL on the RSBE and VBE. Freundlich isotherm is used for modeling the adsorption on heterogeneous surfaces. This isotherm can be expressed by the following equation:
Equation (6) can be linearized in its logarithmic form, which enables the determination of Freundlich constants:
The test results of adsorption isotherms modeling by Freundlich model are represented in Fig. 5 . It is seen that the Freundlich isotherm curves are not linear for both the adsorbents. According to the obtained results, we deduce that the Freundlich model is not adequate for modeling the adsorption isotherms of basic dye by RSBE and VBE in all studied concentration domain. 
9)
The test results of adsorption isotherms modeling by Langmuir model are represented in Fig. 6 . It is seen that the Langmuir isotherm curves are linear for both the adsorbents. This indicates that the model of Langmuir was suitable for modeling the adsorption of basic dye on RSBE and VBE. Confirmation of the experimental data into Langmuir isotherm indicates the homogeneous nature of the two adsorbents surface, i.e., each dye molecule/adsorbent adsorption has equal adsorption activation energy; the result also demonstrate the formation of monolayer coverage of dye molecule at the outer surface of adsorbent [21] . Values of the maximum adsorption capacities (q max ) and the K L constant were calculated from the slope and interception of the Langmuir plots, and are presented in Table 3 . It can be seen from this table that the virgin bleaching earth has a great capacity of adsorption of the basic dye compared to the regenerated materiel. The Langmuir model correlation coefficients are higher than 0.99.
To confirm the favorability of the adsorption process the separation factor R L was calculated by the following equation [22] :
Where the adsorption process to be either unfavorable (R L > 1), linear (R L = 1), favorable (0 < R L < 1) or irreversible (R L = 0). Here, R L values for the adsorption of Asucryl red GRL dye are less than 1 and greater than zero indicating favorable adsorption.
Effect of pH
The effect of initial pH on the removal of Asucryl red GRL was investigated in the pH range of 2-10 and the results are shown in Fig. 7 . It can be seen from this figure that the adsorption capacity of VBE was nearly independent of pH. Similar observations were made in the literature with other sorbents [23] . For the RSBE, it can be seen that the adsorption capacity was slightly changed over the pH value from 2 to 10. The dye adsorption was constant at pH 4-10 and it was unfavorable at pH < 4. The lower amount of adsorption at acidic pH may be attributed to two reasons. As pH of the system decreased, the number of negatively charged adsorbent sites decreased and the number of positively charged surface sites increased, which did not favor the adsorption of positively charged dye cations due to electrostatic repulsion [24] . Also, lower adsorption of dye at acidic pH is due to the presence of excess H + ions competing with the cation groups on the dye for adsorption sites [25 -27] . 
Conclusions
This study has shown that the regeneration of spent bleaching earth is possible and the material has significant adsorption capacities. Indeed the tests of the elimination of a basic textile dye, such as the red asucryl GRL gave good results. The study of the influence of various parameters has led to the conclusion that the basic dye is quickly adsorbed on the two materials VBE and RSBE. The maximum capacities of adsorption (qmax) starting from the isotherm of Langmuir were found to be similar for the two materials.
